The aim of this study was to investigate the effect of cigarette smoking on seminal plasma zinc levels and sperm parameters, and to examine the role of seminal plasma zinc. Semen samples from 79 nonsmokers and 68 smokers were obtained. There was a significant decrease in seminal plasma zinc in smokers and a clear correlation between seminal plasma zinc levels and the extent of smoking. Sperm parameters (concentration, motility and morphology) among smokers were significantly lower in comparison to non-smokers. These parameters were also significantly decreased among smokers with abnormal zinc levels, while there was no significant difference between nonsmokers with normal zinc and nonsmokers with abnormal zinc levels. As previous studies have shown that seminal plasma zinc is associated with a decrease of anti-oxidant defences, seminal plasma zinc could be a contributor to the effects of cigarette smoking on sperm parameters. In conclusion, cigarette smoking can affect sperm parameters and this study may help towards providing a mechanistic explanation.
Introduction
Cigarette smoking has been shown to affect sperm quality, including sperm concentration and spermatozoal morphology, especially of the headpiece. 1 -3 On the other hand, Belcheva et al. 4 reported no significant differences in standard sperm parameters between healthy smokers and non-smokers. The mechanism for an effect of cigarette smoking is unclear and its effects on sperm parameters, therefore, warrant further investigation.
Seminal plasma zinc plays an important role in the physiological function of spermatozoa. For example, lack of zinc can result in dysplasia of the sexual gland, arrest of testis development and atrophy of contorted seminiferous tubules. 5 In addition, zinc has antibacterial activity in seminal plasma and antilipid peroxidation properties that maintain sperm membrane stabilization. 6 Kumosani et al. 7 recently reported that cigarette smoking affects both Ca 2+ -ATPase activity and the motility of spermatozoa, attributing these effects to increased seminal cadmium and reduced zinc concentrations. It has, therefore, been predicated that cigarette smoking can R-Z Liu, J-C Gao, H-G Zhang et al. increase oxidative damage by decreasing  seminal plasma zinc and other antioxidants,  thereby affecting sperm parameters. Sperm concentration, motility and morphology are all useful in diagnosing male infertility. 8 Sperm morphology, measured according to strict criteria, appears to be the most informative semen measurement for discriminating between fertile and infertile men, although Nallella et al. 9 reported that sperm motility and concentration provide more accurate information than morphology alone.
Seminal plasma zinc and sperm parameters
In the present study, the effects of cigarette smoking on seminal plasma zinc levels and sperm parameters were examined in order to explore a role for seminal plasma zinc in the effect of cigarette smoking on sperm parameters.
Patients and methods

PATIENTS
Male patients attending the First Hospital, Jilin University, Changchun, China between January 2008 and November 2009 for investigation of infertility were invited to participate in this study of seminal plasma zinc levels and fertility. Patients who had other potential factors affecting fertility, such as excessive alcohol intake, chronic drug use, serious systemic disease, abnormality of the external genitalia, or known hereditary/ familial disorders, etc. were excluded.
The study was approved by the Ethics Committee of the First Hospital, Jilin University, and verbal informed consent was obtained from all patients.
QUESTIONNAIRE
An elaborate questionnaire on the patients' smoking history and frequency, working conditions, past medical history, injuries and any familial condition was provided to patients. The questionnaire identified non-smokers, defined as those who had never smoked, and smokers. The latter were categorized as: light smokers, < 5 cigarettes/day for < 5 years; moderate smokers, 5 -20 cigarettes/day for 5 -10 years; and heavy smokers, ≥ 20 cigarettes/day for > 10 years.
SEMINAL PLASMA ZINC DETECTION
Masturbated semen samples were collected after 3 -5 days of abstinence in a clean glass beaker. The semen was allowed to liquefy at 37°C for 30 min. The seminal plasma was diluted in 1 mol/l ammonia/ammonium chloride buffer (1:150), pH 10.0. The estimation of zinc in the diluted seminal plasma was carried out using a spectrophotometer (Nanjing Dongmai Co. Ltd, China) and a seminal plasma zinc quantitative assay kit (Shenzhen HuaKang Co. Ltd, China). The normal seminal plasma zinc content was taken as > 2.11 mmol/l. 10 
SPERM PARAMETERS
STATISTICAL ANALYSIS
Statistical analysis was performed with SPSS ® version 11.5 software (SPSS Inc. Chicago, IL,
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Seminal plasma zinc and sperm parameters USA). Student's t-test was used as appropriate. Statistical significance was defined as P < 0.05 and all reported P-values were two-sided. The Spearman test was used for analysis of correlation.
Results
The study population consisted of 147 male patients aged 21 -39 years, with 79 being non-smokers and 68 being smokers (14 light smokers, 21 moderate smokers and 33 heavy smokers) as identified by the questionnaire.
Seminal plasma zinc concentrations were found to be significantly lower in smokers than in non-smokers (P < 0.05) ( Table 1) . A significant negative correlation was observed between cigarette smoking and seminal plasma zinc concentration (r = -0.235, P < 0.05).
Sperm parameters (concentration, motility and morphology) were found to be significantly lower among smokers than non-smokers (P < 0.05) ( Table 2 ). This decrease was found to be significantly greater in smokers with abnormal seminal plasma zinc levels when compared to smokers with normal seminal plasma zinc levels (P < 0.05) or with either group of nonsmokers (P < 0.01) ( Table 3 ).
Discussion
A number of studies have reported that cigarette smoking has a detrimental effect on sperm quality, most significantly sperm concentration, motility and morphology, 12,13 although some have found no association between smoking and sperm parameters. 14 Such contradictory data could be due in part to the fact that the studies were conducted on different populations. 13 In 2006, the Practice Committee of the American Society for Reproductive Medicine showed that approximately 35% of American men of reproductive age smoke cigarettes, and that substantial harmful effects of cigarette smoke on fecundity and reproduction have Data are mean ± SD. a P < 0.05 compared to non-smokers.
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become apparent but are not generally appreciated. 14 Zinc has many important functions in the physiology of spermatozoa, including influences on lipid flowability and sperm membrane stabilization. 5 It also has a regulated role in capacitation and the acrosome reaction of sperm, and is indispensable for conception and embryonic implantation. 6 Several studies have reported that seminal zinc concentration is correlated with sperm count, 15, 16 and that poor zinc nutrition is an important risk factor for low quality sperm and idiopathic male infertility. 17 On the other hand, others have found no significant relationship between zinc and semen quality parameters. 6, 18 We explored the effects of cigarette smoking on seminal plasma zinc levels and sperm parameters. It is known that smoking affects semen quality and oxidative lipid and protein damage in human spermatozoa, 1 possibly via an increase in cadmium concentration causing a decrease in Ca 2+ -ATPase activity and seminal zinc. 7 The present study supports this assertion, indicating a negative correlation between cigarette smoking and seminal plasma zinc concentration. Al-Bader et al. 2 reported that heavy smoking was associated with low sperm count, low motility, poor morphology and increased seminal cadmium levels, and that zinc therapy improved sperm quality. On the other hand, they found that a zincdeficient diet led to high cadmium testicular accumulation comparable with those supplemented with cadmium.
Earlier studies have shown a possible role for zinc in sperm membrane stabilization. 16 Kiziler et al. 1 reported that cigarette smoking increased cadmium and lead levels in seminal plasma and blood, and that the extent of oxidative damage was associated with a decrease in anti-oxidant defence components in the sperm of infertile males. It is not clear, however, whether there is a relationship between oxidative damage resulting from smoking and antilipoid peroxidation of seminal plasma zinc.
The current study found that cigarette smoking adversely affected sperm count, motility and morphology, as previously shown by others. 1, 19, 20 Sperm concentration, motility and morphology have been found to be significantly lower in smokers with abnormal zinc levels than in all non-smokers, regardless of zinc levels, supporting a previously reported relationship between 2, 7, 16, 21 Gaur et al. 19 reported that 39% of non-smokers showed normozoospermia, while only 3% of smokers were normozoospermic. They also showed that light smokers predominantly showed asthenozoospermia, whereas heavy smokers showed asthenozoospermia, teratozoospermia and oligozoospermia, although oligozoospermia may be due to factors other than smoking. In addition, the overall impact of asthenozoospermia and teratozoospermia on semen quality was greater in smokers than in non-smokers. Colagar et al. 20 reported that sperm quality in smokers was lower than among non-smokers, although this was not statistically significant. Merrells et al. 21 reported that rats fed zinc deficient diets, but not marginally zinc deficient diet, had 34 -35% more abnormal spermatozoa and a 24% shorter sperm tail length than control and pair fed rats.
Zinc is an antioxidant and has an important role in cleaning active oxygen. Elshal et al. 22 reported an increase in sperm defects (increased sperm DNA fragmentation index, increased percentage with abnormally high DNA staining and increased number of sperm with round heads) associated with cigarette smoking in idiopathic infertile men. They suggested that these defects may be linked with increased oxidative stress and insufficient scavenging antioxidant enzymes in the seminal fluid.
Oliva et al. 23 showed that oral administration of pentoxifylline with zinc and folic acid significantly increased the proportion of morphologically normal sperm cells in men with varicoceleassociated infertility, indicating that antioxidant therapy using zinc and folic acid may improve sperm quality. Cigarette smoking has been shown to reduce sperm production, increase oxidative stress and DNA damage. 24 In addition, spermatozoa from smokers have reduced fertilizing capacity and embryos display lower implantation rates. 24 The present data coupled with previous studies suggest that seminal plasma zinc levels may be associated with the effect of cigarette smoking on sperm parameters. Cigarette smoking can affect seminal plasma zinc, decrease anti-oxidant levels in semen, increase oxidative stress and influence sperm parameters.
